Neonates commonly present with multiple insults, which, probably, increase the likelihood of neurological impairment.
Neurodevelopmental disability in prematurely born infants remains a very significant problem worldwide. While there have been significant improvements in the survival of preterm infants, this has not been matched by improvements in morbidity. Indeed, there is some evidence that disability has increased, with a moderate rise in the childhood prevalence of cerebral palsy (CP). [1] Children born preterm in the early years have high rates of neurodevelopmental impairment including CP, mental retardation and sensory impairments. [2] Intrauterine and neonatal insults as preterm birth complications, intrapartum-related factors such as hypoxic-ischemic encephalopathy, infections (notably sepsis and meningitis) and other conditions, such as jaundice and congenital TORCH infections substantially affect the global burden of disease, measured in the Disability Adjusted Life Years (DALY). All these insults contribute to both premature mortality and long-term disability. [3] According to the Global Burden of Disease Study (GBD), neonatal conditions, including preterm birth complications, represent 202 million or 8.1% of all DALY worldwide. [4] GBD report estimates that neonatal causes, mainly preterm birth complications and neonatal encephalopathy, are among the most important causes of intellectual impairment, and that intellectual disability from preterm birth complications increased by 129.6% compared to 1990.
Mwaniki MK et al. [5] reported that the incidence of impairment after preterm birth alone was 28% and that of infants with prematurity complicated by sepsis was 49%. GBD report estimated that in 2010, 2,84 million deaths occurred in the neonatal period and that years of life lost (YLLs) contribute 96% of preterm, 88% of intrapartum-related conditions, and nearly 100% of neonatal sepsis DALYs. [4] The total YLDs are estimated to be increased from 1990 to 2010 by 29,3% on account of preterm births complications due to the increase in number of live births.
Almost half of extremely premature children develop central nervous system organic lesions of hypoxic-ischemic origin in the form of intraventricular hemorrhage (IVH) of different degree of severity, as well as ischemic foci and periventricular leukomalacia (PVL).
The aim of the study was to determine the incidence of brain injuries (IVH and PVL) and the survival due to these conditions in preterm infants, as well as shorter long-term neurodevelopment outcome in these newborns.
Material and methods
We have analyzed morbidity with non-traumatic intracranial hemorrhages among infants born preterm from statistical yearbooks of the Ministry of Health (MoH), as well as from the statistical Form 32a Report on health care provided to pregnant women and young mothers, section "Diseases and causes of newborns death" in the Republic of Moldova and in the Mother and Child Institute (MCI) for the period 2000-2014. We also have analyzed the MCI neonatal intensive care unit (NICU)'s records for the period 2000-2012 to determine the IVH incidence in premature babies with very low birth weight (VLBW) -less than 1500g and the survival rate of children who suffered from IVH.
Furthermore, the article includes data of retrospective study of 99 preterm babies who suffered from IVH and PVL and were followed up at the Follow up Centre of the MCI during the period 2008-2014. This cohort is part of a larger cohort of 409 children, who have finalized the Follow up program. Data were collected from the Follow up Center database, composed of the following compartments: a) epidemiological data, b) child's condition after birth, c) child's condition in the NICU, d) data on care and treatment in NICU, e) data at discharge and follow-up visits data. After selecting the children who had all visits done up to 2 years of corrected age (c.a.), data were coded and grouped for computer analysis.
Neurodevelopmental evaluation of cognitive functioning, language, motor, social-emotional and adaptive skills has been performed in children by Bayley Scales of Infant and Toddler Development, 3rd Edition (BSID-III) standardized tool [6] . Bayley average score is 100 with a standard deviation of ±15. The evaluation was performed by a trained neonatologist according to the scores of development: less than 70 -severe impairment, 70-85 -impairment or area requiring intensive supervision; >85 -normal development. The classical neurological examination has been performed by a neuro pediatrician and brain ultrasound examination performed with Doppler at Esaote MyLab 50 machine. Neurological pathology was classified in three grades according to its severity: mild (disorders of muscle tone, minimal brain dysfunctions), medium severe and severe (CP, mental retardation, epilepsy, sensorial impairments). IVH was graded 1 to 4 according to the system of Papile et al. [7] , and grades 3 and 4 were considered "severe" IVH. PVL was graded 1 to 4 according to the classification of de Vries [8] . According to the national protocol, IVH screening is performed at 1, 7, 14 and 28 day of life, and PVL -at 0-5 days to 2 weeks, at 3 rd week, and weekly up to 40 weeks and monthly to monitor ventriculomegaly. In Table 2 , children with brain injuries, included in the retrospective study, are presented according to the degrees of prematurity. Thus, 90 (22,01%) of 409 children had IVH and 9 (2,20%) -PVL. 1st and the 2nd degrees IVH have prevailed in extremely preterm (26,76%) and very preterm babies (20,99%) compared to those with g.a. of 32-37 weeks (7,37%), c2 22,098, p=0,001. A. With statistical difference we have determined the absence of IVH and PVL in babies with gestational age (g.a.) 32-37 weeks in 91,58% cases, compared to the babies with g.a. less than 28 weeks (63,38%) and 28-31 weeks of gestation (73,25%), c2 22,098, p=0,001.
Results

According to data from the MoH Statistical
We have found no statistical difference between pregnancy and birth complications in mothers who gave birth to premature babies who developed PVL and those who gave birth to preterm children without PVL (c2 12,08; p=0.357). We have revealed statistically significant difference between accelerated birth in children with grade 2 IVH (8,86%) compared to children without IVH (1,58%), (c2 36,90; p=0.024, Fisher's Exact Test 0,004). We have additionally analyzed pregnancy and birth complications per ages of gestation in children with IVH of different degree. Mothers of children with 1 and 2 grade IVH with g.a. below 28 weeks have had such complications more frequently than mothers of children with g.a. of 28-31 weeks (70% and 36,8%, (c2 57,47; p=0.0001, Fisher's Exact Test 0,007)).
We have found no statistical difference when comparing steps for resuscitation of children with varying degrees of HIV and PVL (c2 12,55; p=0.403). Statistical tests obtained when comparing Apgar scores of 0-3 points, 4-6 points and 7 and more points at 1, 5 and 10 minutes of life showed statistically significant difference only for the steps B (ventilation) and C (cardiac massage) of resuscitation in the 10th minute of life (c2 10,204; p=0.037) in newborns, who were appreciated by 0-3 points after Apgar.
Children from the study groups have had other comorbidities, which have resulted in a more serious evolution of brain pathology. In most cases no statistical difference was determined regarding the prevalence of other comorbidities in groups of children with IVH of any degree and PVL, except early sepsis, meningitis, sepsis with meningitis and patent ductus arteriosus (PDA), data for these pathologies being included in Table 3 . Thus, newborns with the 3rd degree IVH were more frequently diagnosed with early sepsis (53,85%), compared to newborns with IVH degree 1 (9,52%) and IVH degree 2 (14,29%), c2 16,140; p=0.001. The same situation was revealed also for meningitis. In addition, newborns who suffered from PVL had meningitis, sepsis with meningitis more often (33,33%) than newborns with IVH degree 2 (2,86%), c2 27,930; p=0.000 and c2 19,284; p=0.023, respectively. Also, newborns who suffered from PVL (33,33%) were diagnosed with sepsis and meningitis more often than children with IVH degree 2. A similar situation was revealed for PAD. Children who suffered from grade 3 IVH have had at 2 years of life more frequently severe cognitive impairment (in 35,71%), expressive impairment (in 35,71% cases) and, especially, motor impairment (in 42,86% cases) compared to children who did not have IVH. In contrast, children with scores of neurodevelopment higher than 85 or with the development close to normal on three studied functions have not suffered from IVH or had grade 1 IVH, compared to children with IVH of grade 3 ( Figure 2 ). Children, who have been diagnosed with IVH grade 1 and 2, showed neurodevelopmental results similar to those of children without IVH.
Результати дисертаційних та науково-дослідних робіт
PVL, compared to grade 3 IVH, seen in VLBW infants profoundly affects neurological development. In those 9 children, who suffered from PVL, the most deeply was affected the motor function (66,67% cases) compared to cognitive and expressive functions (each in 44,44% cases), figure 2. Vice versa, babies without PVL have had normal cognitive, motor and expressive functions in 8 to 9 cases out of 10 cases.
Неонатологія, хірургія та перинатальна медицина
Т. VI, № 3(21), 2016 Table 3 . figure 3) . PVL conditions the development of severe neurological pathology in every second (55%) child at 2 years of life (figure 3).
Comorbidities associated to brain injuries in preterm babies in neonatal period
Discussion
PVL is a severe brain injury in premature baby, second by incidence (7-22%) after IVH (35-55%), both pathologies being major causes for early death in the neonatal period and later motor and cognitive deficits. The overall IVH incidence has decreased in the last 30 years from 40-70% to fewer than 10% in some European countries. [9, 10] In developing countries the IVH incidence was 44,7%. [11] In the last 10 years no decrease in the incidence of grade 4 and 3 IVH has been noticed, a fact that is explained by the use of advanced and invasive treatment technologies and by a lack of antenatal IVH prevention interventions. [12] The shirt term outcome is closely related to the severity of IVH. [13] The long term outcome of infants who survive of IVH, worsens with increasing severity of IVH and decreasing g.a.. Mortality caused by IVH reaches 27-50%. [14] PVL is considered today a "disease of periventricular white matter" together with post-hemorrhagic hydrocephalus and periventricular hemorrhagic infarction, being characterized by focal necrosis and diffuse injury. [15] Incidence of PVL reported in some countries was 19,8 to 34,1% for overall PVL [16, 17] and 2,5 to 23% for cystic PVL. [18, 19, 20] Non-cystic diffuse white matter injury is a main pathological type of PVL. [21, 22] Most substantial neurodevelopmental impairments occur in 62-100% in cystic forms and 8-17% -in diffuse forms. [23, 24] . In the multicenter investigation for brain injury in premature infants at g.a. < 34 weeks conducted in ten big hospitals in China was showed that the number of the overall IVH and severe IVH were 19,7% and 4,6% and the incidence of the overall PVL and cystic PVL were 5,0% and 0,8% [15] . Synnes AR. et al [25] reported an incidence of severe IVH of 2%-20,5% in 17 NICUs. According to the Australian and New Zealand Neonatal Network data the incidence of severe IVH was 2,9%-21,4% [26] . endowment of two NICUs from the MCI with cranial ultrasound machines and improvement of ultrasound diagnosis, the diagnostics of IVH and PVL has increased, since 2012 a bedside cranial ultrasound has been used. National protocol regarding neuroimaging examination of premature babies was elaborated with its implementation in practice in 2008. PVH and IVH mostly affect preterm babies with g.a. below 34 weeks and VLBW. PVL is caused by a series of factors additional to prematurity: infection, respiratory diseases and therapy thereof, asphyxia and hypoxia, hypotension, and IVH -by peculiarities of germinal matrix, lack of self-regulation and fluctuations of cerebral blood flow, maternal infection/exposure to cytokines, perinatal hypoxia, metabolic acidosis, as well as vitamin K deficiency, i.v. rapid boluses, etc. [27] PVL is the main cause of cognitive behavioral, motor and sensory impairments found in children born before 32 weeks of g.a.. [28] IVH has a negative impact on the neurodevelopmental outcome and is due not only to the direct consequences of IVH but also associated lesions, such as posthemorrhagic hydrocephalus (PHH) and PVL. [29] Posthemorrhage hydrocephalus (PHH), periventricular hemorrhagic infarction (PVHI), and PVL are the most important sequelae of IVH. The first occurs in approximately 25% of infants with IVH and usually it begins within one to three weeks after the brain bleeding. [30] It is known that preterm delivery is a major risk factor for CP, being a cause of approximately 35% of all cases of PC, and the risk increases the lower the viable g.a.. [31] PVL and IVH are associated with adverse cognitive and motor outcomes. Infants with severe IVH or PVL had lower MDI and PDI scores and a higher incidence of CP. In contrast, infants with grades 1-2 of brain injury had similar neurodevelopmental outcomes at age 2 years to those without brain injury, except for grade 2 PVL, which was associated with an increased risk of CP. [32] Long term prognosis for infants with IVH varies considerably depending on the severity of IVH, complications or other brain lesions such PVL, the most lower birth weight and g.a. add to others significant illness will determinate the outcome. Studies have suggested that preterm infants with grade 1-2 IVH have an increased risk of CP and cognitive impairment compared who those without.
[33] Infants with the mayor complications, like PVHI and PHH are at much higher risk of permanent neurologic impairments like CP than dose with IVH alone. [34] Our research on neurodevelopment of premature babies is complying with the scientific literature data, which indicate that in addition to gestational age insults from intrauterine and neonatal periods worsen neurological development of such babies. Major brain injuries associated with CP and cognitive impairment in premature infants are presented by the injury of periventricular white matter. PVL causes impairment of motor function in 2/3 (66%) of children and the development of severe neurological pathology in every second baby (55%) at 2 years of life. In case of grade 3 IVH severe neurological pathology and severe impairment of neurodevelopment have been maintained in 42% of cases at the age of 2 years. 2. Peaks of IVH growth both in the republic and in the MCI were related to the caring for extremely premature babies (BW 500g and g.a. of 22 weeks) and the difficulties met by specialists at the beginning of using new methods of respiratory support.
Conclusions
3. At the age of 2 years of life, children who suffered during neonatal period from grade 3 IVH and PVL are suffering mostly from motor neurodevelopmental impairment (in 42,86% and 66,67% cases, respectively) and from severe neurological pathology in 40-60%. 4 . Neonates commonly present with multiple insults, which, probably, increase the likelihood of neurological impairment. Such newborns with IVH degree 3 had more often early sepsis and meningitis, and newborns who suffered from PVL -had more frequently sepsis with meningitis, as well as PDA, compared to children who had less severe degrees of IVH.
Perspectives of future research
We plan to follow the neurodevelopmental outcome of preterm babies with different intrauterine and neonatal insults for middle-term period (5-7 years). In this regard we will collaborate with rehabilitation centers within the country. Another area of our scientific interest is the immunohistochemical analysis of brain tissue in babies who suffered from IVH and died before discharge.
